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Relative Brightness of Coloured Light Sources 


By H. M. FERGUSON, A.M.I.E.E. (Member), 
and W. R. STEVENS, B.Sc., M.I.E.E. (Fellow) 


Summary 


Experiments in the laboratory to compare the apparent brightness of 
mercury and sodium light sources of high luminance show that most 
observers do not judge brightness on the ordinary photometric scale. In 
some circumstances the mercury luminance must be reduced to one third that 
of the sodium before observers, on balance, judge them to be equally bright. 

Similar, but less marked, results were found in a formal street lighting 
test, a mercury installation being judged more glaring than a sodium. This, 
however, did not produce a marked preference for the sodium installation. 

The commonly expressed preference for sodium street lighting may be 
partly explained by the reduced glare from sodium sources as compared 
with mercury but, it appears, is largely due to the characteristics of lanterns 
and installations now in use. 


It appears that a majority of road users prefer sodium street lighting to high- 
pressure mercury, but it is not easy to decide why such a preference is expressed. Some 
observers state that there is less dazzle with sodium street lighting, others find it yives 
better visibility, fewer shadows, less eye-strain, and so on. Judgment of the relative 
merits of various light sources in the street is very difficult, because in no two instal- 
lations are the conditions sufficiently similar to make the comparison easy or even fair. 
In particular, most of the sodium street lighting in this country has been installed in 
the last few years; the lantern spacing is usually close, and the installations are well 
planned, whereas many H.P.M.V. installations are pre-war and less generously planned 
than we now regard as satisfactory. 

Various investigations have been made on the relative merits of different light 
sources for street lighting and for vehicle lighting, but these investigations do not give 
a clear indication that any one source is better than others. Hopkinson(!), for exainple, 
in some model experiments from which was evolved a formula for evaluating discom- 
fort glare, found no significant difference between different coloured sources: 
experiments on the penetration of fog and mist, particularly directed towards deter- 
mining whether yellow-coloured headlamps were valuable(2), showed no clear advantage 
for them. 

Nevertheless, so many road users appear to prefer sodium street lighting that it 
was thought worth examining the matter once again to see if any basis for such a 
preference could be found. The experiments which were made and the results which 
they give are described in this paper. 


(1) Experiments in the Laboratory 
(1.1) Comparison of “ flash patterns ” 


It was thought that a possible difference between mercury and sodium street 
lighting lanterns might lie in the different formation and brightness of the flashed 
areas of the lanterns. The H.P.M.V. lamp has a much higher luminance than the 
sodium lamp, and the maximum intensity in the distribution is, therefore, obtained 
from a relatively small area of high luminance, even though in many designs measures 
are taken to break up the “ flash pattern ” into a mosaic in order to reduce the apparent 
brightness and to produce a large apparent flashed area. A simple experiment was, 
“The authors are with the Research Laboratories of The General Electric Co., Ltd., Wembley, England. The 
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therefore, set up in which two similar refractor lanterns of the type shown in Fig. | 
were equipped respectively with an ordinary vertical-burning H.P.M.V. lamp and a 
similar lamp enclosed in a lightly frosted glass cylinder. In this way it was possible 
to arrange the two lanterns to have the same maximum intensity, namely 2,000 
candelas, and the same apparent flashed area, but with considerably different flash 
patterns (Fig. 2). The two lanterns were placed side by side and viewed from 80 ft. by 
a number of observers who were asked to say whether they found one more glaring 
than the other. The collective opinions of the observers showed no preference. There 
was a spread in the results as some thought the one more glaring than the other, but 
the number of observers favouring one source balanced very nearly the other. 





Fig. 1. Refractor-type street 
lighting lantern. 





(a) 


Fig. 2. Comparison of ‘‘ Flash 
patterns’’: (a) with standard 
H.P.M.V. lamp, (b) with H.P.M.V. 
lamp in diffusing cylinder. 





























(b) 
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(1.2) Test procedure 

The method of appraising observer preference was as follows:—Each observer 
was asked to state which source appeared the more dazzling and each observer was 
allocated one mark. If he thought source A more dazzling than source B, his mark 
was allocated to A. If he thought source B the more dazzling, his mark was allocated 
to B. If he could observe no difference between the two, half a mark was allocated 
to each. The total of marks for each source was expressed as a percentage of the 
total available marks and, in the curve of Fig. 3, is plotted vertically to show the 
percentage of observers finding source A more dazzling than source B. For con- 
venience this percentage is sometimes referred to as “ observer bias factor.” Plotted 
horizontally is the ratio of the intensity of the lantern with the small source (I,) to 
that with the large source (Ig). By keeping Ip, constant at 2,000 candelas and varying 
I, it was possible to determine the observer bias factor at a series of ratios of I,/Ip 
At each ratio there were at least 12 observers, the mean results being shown by the 
points on the graph. 

For an observer bias factor of 50 per cent.—that 1s, when opinions are equally 


| divided as to the more dazzling source—the ratio I,/Ip is 0.95. Within the accuracy 
| of the experiment, this ratio may be taken as 1. It follows, therefore, that when 


the intensities and apparent flashed areas are equal, the dazzle appears equal irrespec- 
tive of the flash pattern within the apparent flashed area. The flash patterns used, 
though greatly different, were similar to those encountered in practical street lighting 
lanterns 

The percentage of observers who were undecided is also shown in Fig. 3. A 
record of these undecided observations is useful, because it gives some indication 
of the extent of the difference in dazzle which was found: where the one source is 
considerably more dazzling than the other, the number of undecided observations 
is small; where the difference between sources is small, the number of undecided 
observations is large. 


(1.3) Comparison of colour 


It was now decided to investigate the apparent brightnesses of sources of equal 
area giving the same intensity, but provided by different types of lamps(3). Two 
sources of uniform luminance were set up side by side, each was approximately 84 in. 
wide by 44 in. high. The sources were similar in all respects except that one employed 
an H.P.M.V. lamp and the other a sodium lamp. The luminances were carefully 
measured on the ordinary photopic scale to ensure that they were equal; the maximum 
value obtainable was of the order of 50 cd/in?. The experimental arrangements by 
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which this was achieved are shown in Appendix I. Observers at a distance of 80 ft. 
were now asked to state which source they found the more dazzling. They were 
asked to give their reactions (a) immediately on viewing the two sources and? 
(b) after an interval of at least one minute. A series of observations of this kind 
was made in which the relative luminances of the mercury and sodium sources could 
be compared. Thus, for example, a sodium source having a luminance of 50 cd/ in? 
could be compared with a mercury source having a luminance of 40, 30, 20 cd/in?, 
and so on. The sodium source was kept at its maximum luminance and the mercury 
source luminance was changed by the interposition of either a neutral glass filter of 
wire inesh screens. It was found that similar results were obtained whichever of these’ 
luminance reduction devices was used, thus supporting the results of the earlier} 
experiment which showed that the nature of the flashed area did not have a significant 
effect upon the observers. ; 

In the curves of Fig. 4 the vertical scale shows the percentage of observers find- 
ing mercury more dazzling than sodium, i.e. the mercury/sodium observer bias 
factor. The horizontal scale shows the ratio of mercury to sodium intensities. With 
both the neutral glass and the wire mesh screen a heavy majority of marks was) 
accorded to the mercury source as the more dazzling when the intensities were equal: | 
in fact, over 90 per cent. judged the mercury to be the more dazzling. 

As the intensity of the mercury source was reduced, the intensity of the sodium 
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source remaining constant, the number of observers finding the mercury source more 
dazzling decreased. At the same time, as would be expected, the number of observers 
unable to say which source was the more dazzling increased until the general opinion 
began to swing in the direction of finding the sodium source more dazzling than the 
mercury one. 

Considering the appraisal after one minute, it appears that the luminance (and 
therefore the intensity of the mercury source) must be reduced to 0.3 of that of a 
sodium source before the observer judgment is equally balanced between the two. 

The initial reaction of the observers, which is shown in Fig. 5, was to state the 
mercury as even more dazzling, and it was found through all the experiments that the 
initial reaction to the comparison was more violent than that after one minute, and 
the slope of the curve was usually steeper. However, although this initial reaction 
may have some significance in practical circumstances (see Section 3), the observa- 
tions recorded for these conditions were generally more erratic and the results are 
not included in the results given later in this paper. All subsequent arguments apply 
to observations made after an adapting period. 


(1.4) The effect of background brightness 

The experiment was now repeated with a series of background luminances. From 
the results, the observer bias factor was determined for the condition when the lumin- 
auce of sodium and mercury sources was equal. The results are shown in Fig. 6. The 
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background luminance plotted horizontally is shown on a logarithmic scale, and the 
curve is broken, therefore, between 0 and 0.1 ft.-lambert. There is no significant ” 
difference between the results obtained with backgrounds illuminated with mercury or | 
sodium light. The results at zero background luminance agree with those in Fig. 5, 
and, in general, the percentage of observers finding mercury more dazzling than sodium 
decreases as the background luminance is increased. But the bias factor never falls 
to the 50 per cent. value, which would be obtained if, on average, the observers found 
the two sources equally dazzling. It will be observed, too, that in the region of 
background luminance around 0.1 ft.-lambert, which is commonly encountered in 
street lighting installations, the observer bias factor was found to be over 80 per cent. © 












(1.5) Comparison with tungsten sources 


A comparison was now made between mercury and tungsten and between sodium 
and tungsten light sources, and each of these comparisons was made for a range of 
background luminances. The two sets of results are given in Figs. 7 and 8. When 
mercury and tungsten were compared on a dark background, it was found by an 
observer bias factor of 60 per cent. that the mercury source was the more dazzling. 
In order to secure 50 per cent. for each source it was necessary to reduce the mercury — 
intensity to 0.8 of the tungsten intensity. Once again the effect of background 
luminance was relatively small. In comparing tungsten and sodium sources it was 
found that when the intensities were equal, 85 per cent. of the marks claimed that the 
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tungsten source was the more glaring. An equality of marks was obtained when the 
ratio of tungsten intensity to sodium intensity was 0.5. 

It is interesting to deduce from these results the effect which would be expected 
from a direct comparison between mercury: and sodium, and to compare it with the 
direct comparison as measured. If we assume a sodium source whose intensity is 
10 units (on any arbitrary scale) then the tungsten source will appear equally bright 
if its intensity is 5 units, a mercury source should appear eaually bright if it has 
an intensity of 0.8 x 5, namely 4, as compared with the original equivalent sodium 
source of 10 units. The ratio for mercury: sodium is thus 0.4. In the direct experi- 
ment a ratic of 0.3 was established. These rates values are in good agreement for an 
experiment of this type. 


(1.6) Effect of ultra-violet radiation 


At this stage a check was made to confirm that there was no effect due to ultra- 
violet radiation from the mercury source, although the previous comparison using 
tungsten light suggests that such an effect is unlikely. In fact, no difference could be 
discovered when the mercury discharge source was covered with an_ ultra-violet 
absorbing filter. 


(1.7) Observations over a greater range of luminance 


The observations made so far were concerned only with high luminance levels, 
such as are obtained from street lighting lanterns when viewed in the direction of 
maximum intensity. A further series of experiments was made, therefore, to cover a 
considerably greater range extending into the low luminance regions where the 
Purkinje effect might be observed. 

The experimental technique was modified in several ways, the arrangement being 
described in detail in Appendix 2. In this series of tests the observers were always 
asked to compare the apparent brightnesses of sources set up to equal measured 
luminances. The observer viewed monocularly from 12 in. a bipartite circular field 
divided vertically. Care was taken to ensure that the luminance was uniform from 
each half of the field and by an arrangement of neutral filters, etc., the luminance of 
each side could be varied over a range of 10,000,000 to 1 from about 50 cd/in* down 
to 4.5 x 10° cd/in?. Observers were asked to state which half of the field appeared 
the brighter, and by varying the luminance in steps of about 10:1, the sources 
being kept at equal luminance as measured on the photopic scale, a new series of 
observer bias factors was obtained. Exact equality of luminance could be achieved 
by making slight changes in the current through the mercury lamp. 

The apparatus was calibrated in two ways: (a) by direct photometric measure- 
ment of luminance of each half of the field at the low luminance end of the range; 
and (b) by measuring the illumination at a fixed point in front of the eyepiece 
from each half of the field at the high end of the luminance range. At one inter- 
mediate luminance value it was possible to measure by both methods, and a good 
check was obtained to ensure that the values were correct all through the range of 
luminance. 

It should be noted that the field size used in this experiment was considerably 
larger than that for the work described previously. In the direct comparison of high 
luminance sources, each source subtended about a half a degree at the observer's eye, 
and the viewing was binocular. In the monocular experiment, the whole circular 
field subtended some 4 deg. at the observer's eye. 

Fig. 9 shows the results obtained in this series of experiments. The percentage 
of observers who judged the mercury source to be brighter than the sodium is plotted 
against the field luminance. The two halves of the field were always adjusted to be 
equal as measured on the photopic scale: the observations were all made after one 
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minute, or more, adaptation. Each point shown on the curve represents at least 
12 observations. All observations were made against a dark background. 

At the highest level explored, which was 22,600 ft.-lamberts (50 cd/in?), the 
observer bias factor recorded in favour of mercury appearing the brighter source was 
about 80 per cent. This ratio is a little lower than that recorded in the earlier experi- 
ment with the small sources. As the field luminance is decreased, the bias factor 
diminishes, reaching 50 per cent. at a luminance (the two sources being of equal lumin- 
ance) a little below 100 ft.-lamberts. This is in the region in which one would expect to 
get results directly in accordance with the ordinary photopic photometric scale, that | 
is, the scale based on the accepted curve of relative luminous efficiency of the eye | 
under photopic conditions. Therefore, at luminances of the order of 100 ft.-lamberts ; 
down to 0.01 ft.-lambert it was expected that observer bias would be equally balanced |; 
between mercury and sodium sources. In fact, as the curve shows, over a large | | 
range of luminances, namely, between about 100 and 0.01 ft.-lambert, there was a 
tendency to find that the sodium source appeared brighter. Below this value of © 
luminance the expected Purkinje shift was observed, so that once again the mercury © 
source appeared brighter to the majority of observers. 8 

The region in which the curve drops below 50 per cent., therefore, needs some 
special comment, and one explanation for this result may be as follows. If we refer 
once again to Fig. 4 (a) we find that at high luminance levels (around 20,000 ft.-lamberts), 
in order to shift the observer bias factor from 50 per cent. to 25 per cent., the ratio 
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[,/Is has to shift from about 0.3 to rather below 0.2. This change in observer 
preference is associated, therefore, with a 50 per cent. change in intensity ratio and 
sniall differences in intensity, therefore, cause relatively small changes in observer 
bias at high levels. In order to determine the rate of change of observer bias factor 
with luminance ratio at a level of about 0.1 ft.-lambert, a series of measurements was 
made on the monocular viewing apparatus in which the sodium source was maintained 
at a luminance of 0.134 ft.-lambert and the mercury source was varied in luminance. 
The results of these observations are shown in Fig. 10, in which it will be seen that 
the curve is very steep. A change of less than 15 per cent. in the ratio of mercury 
to sodium luminance will produce a change in observer bias factor from 25 per cent. 
to 50 per cent. It is evident, therefore, tnat this region of the curve is very critical, 
and that small errors in photometry could account for the fact that the curve dips 
below the 50 per cent. which was expected. 

On the other hand, some observers have suggested that the photopic relative 
luminous efficiency curve, as agreed internationally, may be in error in such a way 
as to make a monochromatic yellow source appear brighter than a monochromatic 
green source of equal luminance : these suggestions were based on measurements made 
at levels around 3 ft.-lamberts(4). The extent of this effect is not generally agreed, 
but it could explain why the curve of Fig. 10 falls im part below 50 per cent. observer 
bias factor. 


(1.8) Conclusion from laboratory experiments 


There seems no doubt from these experiments that at high levels of luminance 
there is a marked tendency for observers to find that sodium radiation appears con- 
siderably less bright than either mercury or tungsten filament, although on the 
ordinary photopic scale they are measured as being equal. The results of the, mono- 
cular judgment experiments at levels between 0.001 and 10 ft.-lamberts are in general 
agreement with those which would be expected, but at high levels the eye appears 
to become “ mercury-sensitive.” At luminances of the order of 50 cd/in? the sensi- 
tivity of the eye to light of different wavelengths is such that the relative luminous 
efficiency curve no longer holds. The effect is as if the curve had shifted towards 
tie short wavelength end of the spectrum in a way similar to the shift already well 
established for scotopic vision, or as if some distortion of the curve had raised the 
blue end at the expense of the yellow. 

The method of test does not give a measure of the amount of difference between 
the sources, except in so far as this can be estimated from the number of observers 
who are uncertain about which source appears the brighter. Nevertheless, a sufficient 
number of observations was taken to establish that the results given are substantially 
correct for the experiment in the form in which it was made. The results of tests 
on a 4-deg. bipartite field are not markedly different from those on the 4-deg. sources. 


(2) Experiments in the Street 
(2.1) Design of experiment 


It would be unwise to conclude from the laboratory experiments that reduced 
glare is the cause of the preference for sodium street lighting, because there are many 
other factors which enter into street lighting installations. A series of experiments was, 
therefore, made to compare mercury and sodium street lighting installations designed 
to be similar in all respects except colour. 

Eight lanterns were constructed. Four of these used 140-watt integral sodium 
lomps with the ends masked : and the other four 400-watt H.P.M.V. lamps with sprayed 
outer jackets and the ends similarly masked. Thus the sources all had substantially the 
same luminance and physical dimensions. : 

The lanterns are shown in Fig. 11 (a) and (b). The primary optical control was 
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obtained with two side refractors and a fluted bottom glass, the design being the 
saine for both mercury and sodium lanterns. Some slight internal modifications were © 
necessary to obtain similar “flash” patterns and light distributions. The appearance 
of the lanterns seen in the direction of maximum intensity was as shown in Fig 12, 
and the light distribution was as in Fig. 13. The maximum intensity was 1,500 
candelas, giving an average “flash” luminance of 22 cd/in? and the light emitted in 
the lower hemisphere was 3,600 lumens. 

The !anterns were erected on a straight level road to form a continuous staggered 
installation with a spacing of 100 ft. and a mounting height of 15 ft. The mercury 
lanterns were at one end of the installation, and the sodium lanterns at the other, so 
that an observer standing in the middle could view them consecutively. The road ) 
was carefully chosen so that from the middle the views in each direction were as alike 
as possible. In particular, the buildings on either side and the distant views were § 
similar in both directions. is 

Although the experiments were made in a side road for convenience, with mount- f 
ing height and spacing appropriate to a Group B installation, the illumination levels [| 
obtained were at the low end of the range for traffic route lighting. The light output 





Fig. 11. Experimental lanterns 
(refractor panels removed); (a) 
mercury, (b) sodium. 
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in the lower hemisphere could be varied between about 2,200 and 4,500 lumens per 
10) ft. linear. The road width was 24 ft., and the pavements each 6 ft., and the 
distance between building lines was 86 ft. The road surface was gravel on pitch on 
a concrete base. It had been badly broken so that portions of all three materials were | 
visible, producing a very patchy appearance (Fig. 14). 




































(2.2) Experimental procedure 

For each experiment the lanterns were erected in the street at the correct spacing 
and mounting height, and the lanterns levelled. The electrical circuits were so arranged [ 
that the light output of the sodium lanterns was kept constant and that of the mercury 
lanterns could be varied by adjusting the applied voltage, over a range of 0.6 to 1.25 | 
times that of the sodium lanterns. 

The observers, of whoin there were never fewer than 15, were each given the 
following questionnaire, which they were asked to complete whilst observing from the 
junction of the two installations :— 





TEST NO 
NAME 


STREET TESTS TO COMPARE MERCURY AND SopiuM LIGHTING 





QUESTIONNAIRE 


a 
Write ‘‘M”’ for mercury or ‘““S”’ for sodium in column I below. If 
you have strong feelings in the matter use column II. If you are undecided 





put a dash—in column I. 


i. II. \ 


1. Which installation do you prefer ? z 
2. Looking at a distant point on the 4 
road, which installation appears i 
more glaring ? 
3. Looking at the lanterns, which 
appear brighter ? 
4. Which installation gives the brighter z 
road surface ? é 
& 
5. Which installation gives the better 
uniformity of road brightness ? 4 
i 
6. Which installation gives the better ; 
seeing conditions ? i 
5 


~I 


Which installation do you prefer for 


colour ? 


8. Which installation, if any, appears 
more misty or hazy ? 






Do you drive ? 





Have you any particular comments to make ? 






The mercury installation was varied in four steps jover its range, giving four § 
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ratios of mercury to sodium intensity (or light output) I/yIs. These different ratios 
were presented in random order, unknown to the observers, some being repeated. A 
questionnaire was answered by each observer for each ratio. 

Such a series of tests took about one hour. The observations were now inter- 
rupted for a further hour during which time the installation was reversed, end-for-end, 
to eliminate the possible different effects of road surface, background, etc. The 
series Of tests previously described was then repeated. 

Two complete experiments were made on separate nights. 


(2.3) Results 


The results are shown in Figs. 15 (a) and (b). Observer bias factor is plotted 
vertically, and the ratio of H.P.M.V. to sodium intensity is plotted horizontally. The 
method of marking to obtain the observer bias factor was as in the laboratory experi- 
ments, one mark being awarded where the observer stated a preference, and a half 
mark to each installation where he was undecided. A preference expressed in column 
two was still recorded as a single mark, although these strongly expressed opinions 
soinetimes gave an interesting qualitative impression of the difference between 
installations. 

The mean results of the tests for the installation at each end of the road on each 
of the two nights are recorded. This gives four points at each chosen value of Iy;/Is. 
A smooth curve has been drawn through the average value for each set of four points. 
This method of plotting makes it possible to see the change in observer bias factor 
from end to end, and from night to night. However, the number of observations at 
each point is not sufficiently large (15-20 observers) to draw definite conclusions about 
individual points. 


(2.4) Discussion of results from street tests 


From Fig. 15 (a) when the lantern luminances were equal (Iy/ls = 1) the per- 
centage of observers finding that the mercury lantern appeared brighter than the 
sodium lantern was over 80 per cent. The point at which preference was equally 
divided between mercury and sodium sources was when the luminance of the mercury 
was about 0.6 that of the sodium. Thus the effect obtained in the street was similar 
to that observed in the laboratory, but to a less marked extent. In the laboratory, 
comparing mercury and sodium lanterns having equal luminance of 50 cd/in? on a 
dark background an observer bias factor of over 90 per cent. was found (Fig. 4). A 
rather lower observer bias factor would be expected for lower luminances (Fig. 9) seen 
against a lighter background (Fig. 6). Thus it is reasonable that the ratio of 0.6 for 
I\/Is to give an observer bias factor of 50 per cent. in the street is higher than the 
ratio of 0.3 obtained in the extreme conditions of the laboratory experiment (Fig. 4). 

The results on glare (Fig. 15(b)) are interestingly similar to those on lantern 
brightness. At the point I,/Is=1, 80 per cent. of observers found the mercury 
installation more glaring than the sodium. In this test the observer was asked to 
look at a distant point on the road so that the furthest lantern was some 3 deg. from 
the line of sight and the nearest lantern at least 10 deg. from the line of sight. The 
sources were, therefore, viewed well away from the line of sight. De Boer and van 
Heenskerck Veekens(5) have also found recently that sodium light gives less discomfort 
glare in the street than mercury. 

If glare were the dominant feature in street lighting we should expect the answer 
to the question: “Which installation do you prefer?” to be closely linked to the 
observations on lantern brightness and glare. However, one finds (Fig. 15(c)) that 
when Iy/Is= 1 there is only a small preference for the sodium installation, and 
mercury is increasingly favoured as the ratio Iy/Is increases. The slope of the 
curve is quite small, the observer bias factor only changing by 30 per cent. for a 
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The fact that the slope of this curve is positive shows 
that glare is not the over-riding factor. 
The curve giving answers to the question of “seeing conditions” (Fig. 15 (d)) 
This is, perhaps, not surprising since the 
preference for an installation is obviously closely linked with ability to see in it. 


Fig. 15 (c) shows that when the luminance of the road surface was the same 
for the two installations* (Iy/Is = 1) observers were equally divided in saying which 
appeared brighter. When the photometer says the surfaces are equally bright 


observers, on the average, agree. 


The curve has a steep slope, a 2 to 1 change in 


I\/Is ratio giving a 60 per cent. increase in observer bias factor: evidently observers 


* This assumes that the reflection factor of the road surface is the same for the two sources. 
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(c) Which installation do you prefer? 
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Fig. 15. Observer bias factors for comparisons of experimental mercury and sodium street 
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are able to detect fairly small changes in road luminances under these conditions of 
iest. 

Fig. 15 (f) shows that observers judged the road surface to be a little more 
uniformly bright under sodium light than under mercury for the same level of 
lighting (Iy/Is=1). Also, the curve has a small positive slope. The road surface 
was so uneven that perhaps the observations should be discounted but they seem too 
consistent to be ignored completely. It is possible that the diffuse reflection factor of 
the surface is greater to sodium than to mercury light so that the areas between the 
main bright patches appear somewhat brighter in the sodium installation. In this 
event, the sodium installation might appear more uniform than the mercury. The 
main bright patches formed by preferential reflection will be much less affected by 
the colour of the surface, particularly on the wet or damp road. Judgment of overall 
brightness would be mainly influenced by the main bright patches and would not be 
greatly affected by colour of road surface in these tests. 

As the illumination on the road increases (with increasing mercury intensity) parts 
of the dark areas which were below the threshold brightness may become visible. This 
rate of growth of brightness would be greater in the dark areas than in the main 
patches, and the surface, therefore, would appear more uniform. This would explain 
the positive gradient of the curve in Fig. 15 (f) which, however, is small, so that 
changing the level of illumination does not appear to have a marked effect on judg- 
ment of road brightness uniformity. 

Fig. 15 (g) and (h) show the results of observations on “colour” and “ haziness.” 
Both curves are substantially horizontal and show an equally divided preference for 
mercury and sodium which does not change significantly with luminance over the 
range examined. On average, therefore, neither of these factors seems to determine 
a preference for one source rather than another. The number of undecided answers 
on “colour” was small, showing that observers have a definite preference for one 
colour or another but the preferences are equally divided. The number of undecided 
answers on “ haziness”” was large, showing that there was little difference between the 
iwo sources. This was found also in a heavy fog when a mercury and sodium lantern 
were placed side by side and viewed from increasing range. There was no obvious 
ditference in the amount of scattered light, or the point at which the lanterns dis- 
appeared from view. 


(3) Reason for Preference for Sodium Street Lighting 


The experiments in the street indicated some observer bias for the sodium installa- 
tion. but the effect was much less than might be expected from the general comments 
of road users. In the authors’ experience, over 80 per cent. of such comments favour 
sodium street lighting. 

Of the several factors examined, “ glare” (or “ lantern brightness”), “ seeing con- 
ditions ” and “ road uniformity,” all favouring sodium, are the only ones showing a 
significant distinction between the sources. However, the overall preference for the 
sodium installation is small. Evidently the factors showing no observer preference, 
e.g., “ road surface brightness,” “colour,” and “ haziness” dilute strongly the effects 
of the other factors. 

Glare is the only factor which shows a marked observer preference for sodium 
lighting, and is the only factor which shows an increasing preference for sodium as 
the ratio I\/Is rises. The curves for all the other factors are either flat, or show 
increasing favour for the mercury installation as the ratio I,;/Is rises. Clearly these 
factors are largely swamping the deleterious effect of glare. 

It still remains to explain why the ordinary road user expresses so strongly his 
preference for sodium street lighting. 

Firstly, it must be remembered that in practice no two installations are alike: 
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indeed it has proved difficult to design installations sufficiently similar to make formal 
comparison possible. The value of casual observations is, therefore, doubtful. 

Neat, the bulk of sodium street lighting has been installed during the last ten 
years, Whereas much mercury lighting is pre-war and of a considerably lower standard. 
An average spacing of 150 ft. is not uncommon in older mercury installations 
whereas modern sodium lanterns are some 120 ft. apart. To a large extent, there- 
fore, comparisons are made between good sodium and mediocre mercury installations. 

But even if we compare modern mercury and sodium installations we find inter- 
esting differences in lantern performance. Table 1 compares characteristics of three 
mercury and three sodium lanterns in common use for main road lighting. 


Table 1 
ss : oa 
5 csleiieten Max. intensity Luminance en ora) oe tal 
F (candelas) (ed./in.2) re | 
(lumens) | 
250-watt HPMV 2300 50 5500 | 
lamp light 2000 45 5000 
output 8000 Ims. 2500 110 4500 
ssi aap ad ; ; —_—_—| 
140-watt Sodium 2400 27 6500 
lamp light 2000 21 6600 | 
output 9000 Ims. 2400 27 6200 


On average the maximum intensity of the mercury and sodium lanterns is the 
same. The luminance in the direction of maximum intensity of the mercury lanterns is, 
however, some two to three times that of the sodium; and the sodium lanterns emit 
some 25 per cent. more light in the lower hemisphere. These differences will ceriainly 
make existing sodium installations appear more attractive than mercury. Indeed, a 
calculation of discomfort glare, based on the formulas devised by Hopkinson(!) 
suggests a difference in degree of glare approaching a “ half-criterion” on his scale. 
For example, if the mercury installation is regarded as “ just comfortable ” the sodium 
will be nearly half-way to “satisfactory.” The criteria used by Hopkinson were 
* just tolerable,” “ just comfortable,” “ satisfactory ” and “ just not perceptible” glare. 
The steps between these are large, and half a step is quite noticeable. In the street 
tests described in Section 2 of this paper the change in discomfort glare represented 
by the two extremes of mercury intensity (Iy/Is = 0.6 to Iy/Is = 1.25), represent 
only about one-quarter of the step between Hopkinson’s criteria, and yet this was 
accompanied by a marked change of observer bias factor, from 55 per cent. to 85 
per cent. in the appraisal of glare. 

It is evident, therefore, that the differences between the mercury and sodium 
lanterns in current use are sufficient to explain a common preference for sodium lighting 
as being less glaring, even assuming that mercury and sodium sources of equally 
high luminance appear equally bright. But as shown previously in this paper, mercury 
sources tend to appear brighter than sodium for nominally equal luminance. This 
must tend to bias opinion even more in favour of sodium street lighting as being 
less dazzling. 

The way in which observers react to the greater amount of light in typical sodium 
installations compared with mercury may also be deduced from the street test. When 
the two experimental installations were running at I,/Is = 0.75 the number of votes 
cast in favour of the sodium installation was 75 per cent. This marked preference 
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for sodium lighting was recorded in spite of the fact that the sodium lanterns had a 
higher intensity and luminance. 

The dazzle effect is also probably enhanced by the fact that the mercury source 
appears particularly bright on initial exposure (see Fig. 5), and this effect may be 
significant to a driver passing from one installation to another. 


(4) Conclusions 


(1) Experiments in the laboratory on sources of 4 deg. and 4 deg. subtense show 
that at high values of luminance the apparent brightness of mercury, sodium and 
tungsten sources cannot be assessed on the standard photopic photometric scale. The 
discrepancy can be great: for example, a sodium source of 50 cd/in? appears only 
as bright as a tungsten source of about 25 cd/in? or a mercury source of about 
15 cd/in® seen against a black background. Increasing background luminance up 
to 10 ft.-lamberts tends to reduce the difference slightly. 

(2) There is some evidence supporting the view that the standard photometric 
scale underestimates the apparent brightness of sodium sources in the luminance range 
0.01 to 10 ft.-lamberts. 

(3) Experiments in the street confirm that, when presented with two installations 
similar in all respects except the light sources, observers show a small preference for 
sodium street lighting over mercury. 

(4) The preference expressed by road users making casual observations is much 
more strongly favourable to sodium street lighting than was obtained in the controlled 
experiment. This may be explained by the characteristics of lanterns in common 
use. In these, the light output in the lower hemisphere is some 25 per cent. less for 
mercury than for sodium lanterns, and the luminance is considerably greater in the 
direction of maximum intensity. 
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Appendix I 
Experimental Apparatus Used for Tests Described in (1.3) to (1.6) 


The apparatus used to produce the two sources of high luminance is shown in Fig. 
16. It consisted of two parabolic trough reflectors mounted side by side at a distance 
of 80 ft. from a binocular eyepiece. Each mirror was “flashed” by a lamp at the 
fucus of the parabola and suitably screened so that, from the viewing position, a part 
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of each reflector could be seen through a rectangular aperture measuring 84 in. x 44 in., 
the separation between the two being 14 in. Great care was taken to ensure that the 
flash in each mirror was uniform, as seen by both eyes separately. and that there was 
no significant difference in intensity from each source in the direction of each eye. 

The diagram shows the arrangement for comparing mercury and sodium sources. 
The mercury lamp was a 400-watt H.P.M.V. lamp with the outer jacket frosted in 
order to produce the required uniformity of source luminance, and the sodium lamp 
was a Standard 45-watt SO/H so arranged that the centre of one limb was at the 
focus of the parabola. Reduction in mercury source luminance was achieved by plac- 
ing a neutral fiiter or mechanical screen over the aperture and by adjusting the voltage 
on the lamp tc give the exact values required. 

For the comparison of mercury and tungsten sources and sodium and tungsten 
sources the apparatus was modified slightly for convenience. The apertures now 
measured 84 in. x 4 in. and the separation between them was increased to 7 in. A 
500-watt line filament type lamp was used, with the filament at the focus of the reflec- 
tor, and a sheet of frosted glass interposed between lamp and reflector to produce 
the required uniformity. 

The apparatus was calibrated by measuring the illumination at the eyepiece from 
each source, using a visual illuminometer which itself was calibrated regularly through- 
out the tests. In this way the sources being compared could be set up to give any 
required intensity or luminance ratios without the necessity of knowing the transmis- 
sion of the neutral glass or mechanical screens. 

The observer was placed in a booth containing a small aperture for viewing the 
sources, so that the surround could be varied both in luminance and colour by illu- 
minating the booth with the appropriate lamps. 

Most of the observers taking part in the tests described in the paper were tested 
for colour vision by means of the Ishihara Charts. They all showed normal response. 
The average age of observers was about 30 years. Most of them were tested with the 
Snellen Chart, their average performance (with glasses where worn) being close to 6/6. 
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Appendix II 
Experimental Apparatus Used for Test Described in (1.7) 


The apparatus is shown in Fig. 17. Each half of the bipartite field was produced 
by viewing through a right-angled prism, the “ flash” in a parabolic trough mirror from 
a mercury or sodium lamp. The front surfaces of the prisms were masked so that 
the field, as seen from the monocular eyepiece at a distance of 12 in., was circular with 
a diameter of } in. The lamps were completely screened from the observer so that the 
field was seen against a dark background. 

The luminance of each half of the field was reduced by interposing diffusing glass 
between the prism and the reflector and a neutral filter between the prism and the eye- 
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piece. For the lowest values of luminance the mirrors were replaced, firstly by diffuse 
white reflectors, and finally by matt black paper. 

The bipartite field was photographed from the position of the eyepiece, using a 
high contrast plate, and suitably enlarged so that the uniformity of luminance could 
be checked and the areas of each half of the field could be measured accurately (Fig. 18). 
The areas were not exactly the same, the mercury field being some 4 per cent. larger 
than the sodium, but an allowance was made for this when calculating luminance values. 
The uniformity was very good. 

The apparatus was calibrated as follows:— 

(a) For high luminance levels—by measuring the illumination from each half of 
the field in turn at a point 4 ft. in front of the mask. From these illumination values 
the intensity, and therefore the luminance of each half of the field, could be calculated. 
There was at first some doubt about the position of the source in the optical train, a 
knowledge of which is required to calculate intensity values; but this was determined 
by a series of illumination measurements at various distances in front of the eyepiece. 
The source position was found to be precisely in the plane of the mask on the front 
surfaces of the prisms. 

(b) For low luminance levels—by measuring the luminance of each half of the 
field directly with a visual photometer. 

The following table gives the luminance levels for each series of tests shown in 


246 Trens. Illum, Eng. Soc. (London) 











Se < <0 area 








on 


uced 
rom 
that 
with 
t the 


ylass 
eye- 





im of 
npar- 
large 
ce. 


tfuse 


nga 
ould 
. 18). 
arger 
lues. 


If of 
alues 
ated. 
‘in, a 
nined 
diece. 
front 


f the 
vn in 


mndon) 





Witaa 





RELATIVE 


BRIGHTNESS OF COLOURED LIGHT SOURCES: DISCUSSION 


Fig. 18. Test for area and uniformity of 
luminance of bipartite field. Mercury source 
on left-hand side. 


Fig. 9, the method of measurement, the level at which the measurements were made 
and also shows for which tests the neutral filter (NF) was used. 








‘Test 1 2 3 4 5 7 8 NS) 

Luminance | | 

ft.-L. 22,500 3,200 675 180 37 6.0 0.12 . 0.016 0.002 
Method of <—- ——Ilumination Method——-— ad 

| measurement <— Direct Luminance Method—> 

\Measured Scant [ wihigs ae 

luminance ft.-L. 1.0 0.1 0.02 1.0 0.1 0.02 

approx. 60 | 12 1.6 0.2 

Filter - NF NF NF NF NF N 


For test 6, at a level of 6 ft.-L both methods of measurement were used and the 
luminance values agreed to within 5 per cent. For tests numbers 4-9 inclusive, the 
observations were made with the neutral filter in position. However, the apparatus 
was calibrated without the neutral filter in position (with the exception of test No. 6 
when the direct luminance method was used) so that an accurate determination of the 
filter transmission for both mercury and sodium light was necessary to arrive at 
the field luminance. This transmission was determined with both visual and photo- 
electric photometers. 


Discussion 


Mr. A. W. CHRISTIE :Mr, Ferguson and Mr. Stevens have set themselves a very 
difficult problem. Their title is simple enough, “ Relative Brightness of Coloured Light 
Sources,” but, in fact, they set out to discover the effect that the colour of Jight has 
on vision in lighted streets. Much careful work has gone into their experiments, and 
they are to be congratulated on getting so far with the problem. 

In their laboratory studies, exciting discoveries were made of differences between 
the visual effects of mercury and sodium light. Since these differences apply mainly 
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at high luminances, we might expect their influence from glare to affect vision in lighted 
streets. However, in their carefully controlled street-lighting tests, the observers 
showed a much smaller preference for sodium than is shown by the public as a whole. 
The authors suggest that the marked public preference for sodium arises from differ- 
ences in light distributions which make mercury installations the more glaring, even 
in the case of new installations. As Mr. Ferguson pointed out, so long as mercury 
lanterns are designed on this basis, we may expect the public to continue to show a 
preference for sodium. 

Although the authors have shown that there is no large preference for sodium 
when similar installations are considered, I do not think they have entirely eliminated 
the possibility of there being smailer, but still important, differences. For example, 
Fig. 15c shows that the intensity in the mercury installation had to be 25 per cent. 
greater than that in the sodium installation for the two to be equally preferred. This 
result, if accurate, is probably important. 

However, the number of observers taking |part was probably too small for the 
numerical estimates to be considered entirely accurate. Since there appear to be 
considerable differences between observers, a sample of about 30 people may well have 
been biased one way or the other. Moreover, since there is a progressive yellowing of 
the lens of the eye with age, the preference for colours may be associated with age. 

The authors appear to be concerned to demonstrate from their results that glare 
is not the dominant factor in sireet lighting. This is not really necessary : as the inten- 
sity of the lanterns in an installation is raised, discomfort glare increases, but so does 
revealing power, and the overall effect is usually considered beneficial. Thus, to replace 
250-watt lamps with 400-watt lamps is thought to be an improvement. The positive 
slope of Fig. 15c, showing the preference for mercury to increase as the intensity of 
the mercury lighting was raised, while that of sodium stayed constant, is what we 
would expect. 

Hopkinson’s formula for discomfort glare suggests that the glare curve in Fig 
15b should be flatter, i.e., rise more slowly, than the lantern brightness curve, which 
is in Fig. 15a. In fact, the two curves are very closely similar. I wonder if some of 
the observers failed to look at the road as requested, but allowed their attention to 
stray to the actual lanterns in the installation, so that what they recorded as their 
assessment of glare was merely a duplication of their assessment of lantern brightness. 

With regard to the greater uniformity of the road brightness with sodium, the 
authors suggest that the surface may have had a higher diffuse reflection factor for 
sodium than for mercury. We tried, at the Road Research Laboratory, to check this 
with a similar surface, and there seemed to be some such effect. If so, there may be 
some virtue in choosing lamps according to surfaces and vice versa. We also tried to 
find out, analysing what data we had on accident statistics, whether the proportion of 
accidents which occur at night is different in new installations of mercury and sodium. 
There was no significant difference, and it was clear that a vastly greater amount of 
data than was available would be required to demonstrate any difference. 

Much of the paper J have not dealt with ; | am sure there are many other speakers 
who will make up for that. In conclusion, may I express the hope that the authors 
will be able to extend their valuable work in order to settle more definitely the magni- 
tude of any differences that may exist between vision in lignted streets with mercury 
and sodium installations. 


Mr. H. R. RurF: The paper has given a good picture of the careful work which 
is being undertaken to sort out a problem, which started with us in the thirties, when 
sodium and mercury lamps came into being. 

We were then rather concerned with whether, if we applied light of such different 
colours as mercury and sodium to the streets, we should get visibility on the roads 
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corresponding to the light intensities we were putting on them. We found results 
closely in agreement with illumination values, although it is quite possible that some 
of that agreement was due to differences cancelling themselves out. 

In practice visibility on the roadway seems to be proportional to the lumens per 
100 ft. linear in the lower hemisphere from lanterns with a similar good light 
distribution. 

Stimulated by earlier work of the authors we decided to make a direct comparison 
of the glare from mercury and sodium installations under modern traffic route lighting 
conditions. We were particularly interested as, in our recent work on appraisal of 
street lighting installations,* we have been able to take into account road brightnesses, 
revealing power and glare effects. For the latter we made use of Hopkinson’s work 
and our appraisals which took no account of spectral distribution effects on glare had 
been in reasonable agreement with subjective assessments. 

This supports the authors’ statement that the main factor in the preference for 
existing sodium over mercury installations, from the point of view of glare, is the 
brightness of the lanterns and the light distribution from them. The high brightness 
smaller mercury lamp has been housed in a smaller lantern, and earlier mercury 


_ installations had high intensities near the horizontal. 


For our preliminary trials and experiments we have made mercury lamps similar 
in dimensions, light output and brightness to the 140-watt sodium lamp and capable 
of being fitted inside the vacuum flask. The light output, light distribution and flashed 
area of the lantern is consequently the same for both sources. The trial was carried 
out using a medium angle beam distribution. 

We formed one or two impressions upon which I would like the authors’ opinions. 
Firstly, there was a slight preference for the sodium lantern from the point of view of 
glare, but the preference was very slight. -Secondly, if one stood in the sodium 
installation for more than a quarter of an hour then a mercury lantern appeared con- 
siderably more bright and more glaring. If one stood in the mercury installation for 
the same time there was less increase in the apparent brightness of a sodium lantern. 
This recalls a fact we noticed in the early days that, after being in sodium installations 
for a long time, the adaptation of the eye seems to work in such a way that the blue 
colour sense is less fatigued so that the side lamps of a car or a cycle headlamp 
appeared very bright. Have the authors noticed this during their experiments ? Thirdly, 
there appeared to be slightly greater clarity on the part of the road under sodium 
lamps. We attributed this to a simplified brightness contrast pattern on the road, due 
partly to the fact that our street had a verge with new green foliage and fresh grass. 
Fourthly, did the authors during their experiments notice any difference in the colour 
of the head of the T light patch and its tail. We have noticed this with mercury 
installations with a coloured road surface; in the nearly monochromatic sodium 
installations the slight colour difference disappears. 


Mr. T. L. RoBinson: I do appreciate the great work that has been put into the 
tests that have formed the basis of this paper, but I would like to ask whether these 
tests are taken with dry surfaces and with wet surfaces? Also, has any work been 
done on the colour-corrected mercury? I found with one scheme, half of it using 
what we may term the raw mercury, the other half using colour-corrected, the latter 
with the same colour rating gives a much greater revealing power. I would like the 
authors’ opinion on that, whether they have taken any tests, and, if they have not, 
I would very humbly suggest it would be a most useful field of investigation. 


Mr. F. H. PULVERMACHER: It seems to me that the authors have been literally 
waving a red flag in front of a bull this morning, and it has directed my thoughts to 
s * Street Lighting Performance, by Ruff and Lambert, Proceedings of the Automobile Division, Institution 
of Mechanical Engineers, 1954/55, No. 3. 
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the reason why the bull reacts to a red rag and not to one of another colour. It would 
seem that the redness of the rag acts as an irritant, indicating that there is a psycho- 
logical factor which the authors have not dealt with. Similarly the green-blue light 
of a mercury vapour lamp may have an irritating effect on the observer whilst the 
yellow of sodium has possibly a soothing action. This is in contradiction to what one 
would expect since, in nature, green fields and blue skies breed a sense of peace and 
restfulness, whereas yellow and black are arresting and more conducive of irritation 
and alarm, particularly when exemplified by signs indicating temper-trying diversions, 
or the militant wasp. The reason for this seeming paradox may be that with a primary 
source of light the blue-green end of the spectrum induces irritation, whereas with a 
secondary source—our fields and skies—the reverse is the case, and what was an 
irritating positive quantity now becomes a soothing negative. I feel that if the authors 
could extend their investigations into other monochromatic parts of the visible spectrum, 
much valuable information would result, and it is my hope that they will continue their 
researches in this field. . 

With regard to the choice of light sources for street lighting installations, there 
is another factor besides colour to be considered, that of economics. It is a fact that 
we get more light for our money with the sodium lamp than with the mercury vapour 
lamp. 


Mr. A. GREENAWAY BROWN: I wish to congratulate the authors on a very excellent 
and valuable piece of research, and to ask them one question, and urge them to carry 
on with their research. 


The question is, what about the glare from the fluorescent lamp street-lighting 
lanterns which are now coming to be used more and more? I expect they will say 
they have not investigated this yet, but it would be very nice to have an opinion from 
them as to what they think of the glare from these lanterns. 

I would like to urge them to carry on with their researches and help us more in 
finding how to provide good visibility in our streets at night. 


Mr. J. G. Hotmes: Although the discussion has been primarily concerned with 
street lighting, this is in fact only one aspect of the greater and more fundamental 
problems suggested by the title of this paper, and I hope that the important nature of 
the work will not be lost in consideration of the particular aspect which first suggested 
this research. 

The authors have shown that at high luminance levels a yellow light appears less 
bright and less glaring than a white light of the same luminance, and that a bluish 
light appears brighter and more glaring than the white light. It is therefore implied 
that a light of longer dominant wave-length would have jower luminosity or subjective 
brightness than a light of shorter dominant wave-length, both of the same luminance 
or photometric brightness. This would be consistent with the known phenomenon 
that a very bright red light tends to look orange in colour, that a very bright orange 
light tends to look yellow and that a very bright white light tends to look bluish. On 
the other hand it is also well known that a bright red light generally appears brighter 
than would be expected from simple photometric considerations and, for example, 
a high intensity beam with a red glass of 10 per cent. transmission appears much 
brighter than the same beam reduced by a 10 per cent. neutral filter glass. This latter 
phenomenon might be explained by the chromatic component of the red light which 
makes it brighter than an achromatic light of the same luminance. 

There is a contradiction in these various phenomena, and moreover there is no 
comprehensive explanation of any of these visual effects at high luminance levels, and 
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yuld J hope the authors’ researches may either be continued or may stimulate others to 
sho- work on the same problem. 
ight 
ne Mr. H. E. G. Warts : The investigation carried out and reported in the paper is a 
nad welcome move in the constant endeavour to’ assess the merits of various types of 
x rahe street lighting, but I suggest that the conclusions could quite easily be misinterpreted 
id if taken out of context, since they are conclusions only from the particular experi- 
nary ment, and it is my belief that there are many other factors which should be considered. 
th a Paragraph 4 of the conclusions suggests reasons for a “layman” expressing a 
an preference for sodium street lighting. 1 suggest that the preference may very well be 
ee due to the preponderance of good sodium street lighting, whereas a high proportion 
om of existing mercury, particularly pre-war installations, suffers seriously from excessive 
ale glare, and 1 suggest that this type of judgment is probably based on the relief of the 
motorist in getting into some sort of street lighting which is reasonably comfortable 
for driving. 
here It seems a pity that the authors did not include fluorescent units in their investiga-' 
that { tions, particularly in view of the figures given by Professor L. Schneider in his paper, 
pers and also other information regarding the great progress of fluorescent street lighting in 
other countries. 
llent Mr. J. M. WALDRAM: This is a piece of work which, naturally, I have discussed 
arry with the authors at some length, and I think we have still to discover exactly what 
these results signify, for it is easy to misinterpret them. 
ting We are dealing here with another subjective phenomenon: glare cannot be 
say measured quantitatively and we do not know how glaring sources are to anybody. 
rom I happen to be one of those who can see very little difference between sodium and 
mercury glare, and it is almost impossible for me to understand that there may be some 
e in people to whom one looks very distinctly more bright or glaring than the other. But 
nobody can discover by how much; all we can do is put up some kind of comparison 
by which one observer may say, “To me, A looks brighter than B,” but nobody knows 
how bright they are, and it would be quite a mistake to say that, because you have 
with to reducé the brightness of one of them to one-third to eliminate the difference, there- 
ntal fore that source is three times as glaring. That is surely not correct, and I think we 
e of ought to sound that note of warning. That agrees with one of the points Mr. Watts 
sted may have had in mind. 
I think we have two clues as to how big this difference may be. In nearly all 
less subjective work of this kind, if you vary one of the parameters and take the number 
luish of people who can detect it, the proportion of observers is at first very small and in- 
lied creases progressively till quite a lot can see it, and then as the parameter is further 
ctive increased eventually everybody can see it. The curve relating the parameter to the 
ance number who can detect it is S-shaped. In this experiment even in the worst conditions 
=non the authors measured there were still 10 per cent. of people who were either uncertain 
ange or whose judgment went the other way. It is clear we have not yet reached the point 
On when everybody always sees this thing, and if that is so the likelihood is that the 
shter difference in the glare sensations is not very great. 
nple, If I may take an analogy, when Mr. Stevens and Mr. Ferguson were on the stage 
nuch I think you had no difficulty in deciding that Mr. Ferguson is taller than Mr. Stevens : 
atter the result of an inquiry would be unanimous. But if you take Mr. Stevens and me 
hich it is rather more difficult to decide. Perhaps you could if we stood back to back, 
but when Mr. Stevens is up on the stage and I am down here, you probably cannot 
s no tell which is the taller. That difference is on the limit of what one can readily appre- 
and ciate. I think the kind of phenomenon we are dealing with is something of that sort ; 
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that the amount of the difference is not far from the limit at which you can tell whether 
one is more glaring than the other and the fact that not everybody can see the differ- 
ence may be an indication that probably the difference is not very big. 

The other thing I think very interesting is the size of the change you have to 
make in the more glaring source in order to bring about equality. You have to reduce 
it oy one-third, and that seems astonishing. The only conclusion I can draw from 
that is that the glaring ‘effect is, in fact, not very critically dependent on intensity, 
because if it were, the change you would have to make would be very much less. 

There are two other points we ought to bear in mind in considering judgment on 
streets and preferences. The first is that one’s judgment in such matters always tends 
to have a bias. Once one conceives the idea that (for example) sodium is better than 
mercury, every time you see a good sodium installation, you say, ‘“ There, what did I 
tell you?” and register another mental vote for sodium, but when we see a mer- 
cury installation which is better than sodium we register nothing at all. The second 
point is that it is difficult to avoid attributing any virtues of an installation either to 
the most obvious thing about it or to the feature we are most interested in, which 
is often its colour. When we see a good one we say, “ There ; there is another of those 
good sodium installations.” Its excellence may be due to the road surface or to build- 
ings at the side but it all goes down to the credit of sodium. These are some factors 
that make it very difficult to interpret an undoubted preference that most people have 
for sodium lighting. 


Mr. G. C. SMALL (written contribution): Mr. Ferguson suggested that a possible 
reason for the popularity of sodium was that many of the installations were placed in 
commission in the post-war period, whereas in the case of mercury the majority was 
pre-war. Whilst that may be true there have been a jiarge number of mercury instal- 
lations brought into commission in the last few years—I can think of some towns where 
this light source is used exclusively—but an even greater number of sodium 
installations. 

It might interest the authors to know that over an area of 6,000 square miles with 
which I am familiar the number of new sodium lamps installed in the last 12 months 
is between three and four times that of mercury, and this follows very closely. the poll 
taken during the session this morning. Have the authors any information as to what 
ihe present tendency is in the country as a whole and do they feel that, as a result of 
the recent reduction in the price of sodium lamps, there will be a tendency for this 
type to be even more widely used in the future when improved lighting schemes are 
being installed ? 


THE AUTHORS (in reply): In opening the discussion Mr. Christie made a number 
of very pertinent remarks. We would agree that the number of observers was too 
small to establish really authentic answers, and to some extent the work done was 
only in the nature of a pilot experiment. However, it seems unlikely that any larger 
number of observers would show a violent general difference from the results so far 
obtained, although doubtless the more ihe observers the greater would be the spread 
of results. Unfortunately this type of experiment is very costly because, as Mr. 
Waldram has pointed out, these are subjective studies which are extremely difficult 
to conduct. The observers chosen were such that we hoped to get reasonable and 
intelligent responses, but, of course, it is difficult to avoid prejudice and pre-knowledge, 
which tend to invalidate the results. 

Mr. Christie’s comments on recent experiments on the reflection of light from the 
road surface are very interesting. It does not seem unreasonable to suppose that the 
colour of light may react with the road surface, and that the surface should, therefore, 
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be chosen for colour as well as light distribution. This is one more facet of the old 
dictum that street surfaces and street lighting must go hand in hand. 

Mr. Ruff observed that light distribution is the major factor in street lighting, 
and this is probably true. In the pilot experiment conducted immediately before this 
paper was read, the members of the audience indicated that 76 per cent. of them 
preferred sodium street lighting, and 84 per cent. of them thought mercury street 
lighting more glaring, as exemplified by current practice. If the questions had asked 
the audience to confine its views to cut-off lighting the preference might have been 
very different. 

In our experiments we have not observed any changes in apparent brightness with 
adaptation such as Mr. Ruff reported, and we have not noticed any differences in the 
head and the tail of the T-shaped patch. Also, we are unable to comment on the 
effect of trees, since there were none in the road in which our experiments were made. 

Mr. Robinson asked whether our tests were made with dry or with wet surfaces. 
Unfortunately we had to make our street observations in the worst of the winter 
weather when the street surface varied from damp to very wet. We have, therefore, 
insufficient evidence to distinguish between the various stages of wetness of the surfaces. 

We have no information on colour corrected mercury, nor, in reply to Mr. 
Greenaway Brown, on the fluorescent tubular lamp. One may guess these two to fall 
somewhere between tungsten and mercury, but it might be unwise to stake too much 
on such a guess. 

Mr. Holmes returned to what is perhaps the most interesting part of the whole 
investigation, namely, the basic behaviour of the eyes. We would agree that it is not 
easy to explain our results in terms of previousiy observed phenomena. On the other 
hand, so little has been established about visual behaviour at high levels of luminance 
that perhaps we should not be surprised at any results. We can but hope, with Mr. 
Holmes, that these investigations will trigger off other research in these less understood 
regions. 

Mr. Waldram rightly issues a note of warning in the interpretation of the results. 
Not only must we, as he says, not conclude that because you have to reduce the bright- 
ness of one source to one-third to eliminate the difference, therefore that source is 
three times as glaring, but also we must be very careful in making use of such results 
outside the context in which they were established. As far as the laboratory work is 
concerned, clearly such factors as the angle subtended at the eye by the sources, the 
duration of exposure to the light, the level of luminance and the spectraj distribution 
of the lights is vital. Nevertheless, it is a fact that there is a strongly expressed prefer- 
ence for sodium street lighting, and that both laboratory and street experiments show 
that substantial changes in source iuminance were required in order to elicit equal 
preference from our observers. Just how big the difference in glare between these 
different sources is must, of course, depend on the scale by which “bigness” is 
measured, the method of measurement and doubtless many other factors. But there 
is no doubt that in laboratory measurements substantial changes in luminance were 
required to give equal impressions of glare to a number of observers. There is no 
doubt that in the street there is a substantial majority of people who think mercury 
more glaring than sodium. The fact, however, that in the controlled experiments 
this majority appears to be smaller than is given by casual inspection inevitably sug- 
gests that there are other factors at work, and it may well be that the prejudice and 
memory effects mentioned by Mr. Waldram are playing a large part. 

Mr. Small inquires whether the present national tendency is to install sodium 
rather than mercury lighting: there seems no doubt that rather more sodium lighting 
is being installed at the present time than mercury. It would be unwise to predict 
whether this trend will continue. The development of mercury discharge lamps stil 
offers many greater possibilities than sodium, particularly in the possibility of getting 
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much improved colour. Such developments taken together with improvements in light 
distribution, which may well be possible, might easily reverse the present trend. 

Many contributors to the discussion emphasised the desirability of continuing 
with this and similar research. We would entireiy agree that this is not only desirable, 
but essential, if street lighting is to continue its remarkable course of improvement. 
Unfortunately, such research is very costly and it is difficult to see how it can continue 
to be undertaken on the necessary scale, at any rate by commercial research labora- 
tories, if the present tendency to purchase only the cheapest equipment is not modified. 
We have reached the stage at which more or less satisfactory street lighting can now 
be provided by relatively simple means, but there is great scope for improvement. If, 
however, consumers still only purchase the very cheapest equipment which is of “ just 
adequate ” performance, there is neither encouragement nor margin for the producer 
to iinprove his products. 
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Welbeck Works, Welbeck Road, South Harrow, MIDDLESEx. 


CORPORATE MEMBERS: 


ETE Scouscsseses 23, Monument Lane, Lickey, Nr. Rednal, BirMINGHAM. 

Clifton, R. C. ............... 19, Whitworth Road, NorTHAMPTON. 

Eastwood, W. B. .88, Birchwood Avenue, Woodlands Park, Wideopen, 
NoRTHUMBERLAND. 

Ethorton, 1, G.. .....<..500- 311, Alexandra Drive, Hatfield, SOUTHERN RHODESIA. 

IU cctecbochyieliss up 39, Windermere Gardens, Whickham, NEWCASTLE UPON TYNE. 

Fursland, A. R. ............ 38, Tycoch Road, Sketty, Swansea, GLAMORGAN. 

OS err 11, Nevern Place, Lonpon, S.W.5. 

Sa ee 16, Garnet Place, Burton Road, Leeps 11. 

Hayes, P. S. ............... 24, Talbot Square, Lonpon, W.2. 

Hecht. C. T. ............... Apartado Nacional 2401, Bogota, Colombia, SourH AMERICA. 

Ss ee c/o Electrical Branch, Public Works Department, P.O. Box 1191, 
Nairobi, KENyA. 

Hutchinson, E. S. ......... 34, Northumberland Road, North Harrow, MIDDLESEX. 

i Er eR 14, 3-chome, Aoyama-kita-machi, Minato-ku, Tokyo, Japan. 

MINED, - clan clnasuvadsavecctaa 27, Montgomery Avenue, Beith, AYRSHIRE. 

WOES Ri, Saccovedcscsnes 35, Three Arches Avenue, Llanishen, CarpDIFF. 


Trans. Illum. Eng. Soc. (London), 
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ADDITIONS TO THE LIST OF MEMBERS 


RU Rs We. hcvek ton ccssicases 12, Appleton Grove, Sale, CHESHIRE. 

TE oa Sa .... 202, Blundell Road, Edgware, MIDDLESEX. 
Moore, J. M. ............... 9, Ilton Road, Penylan, CARDIFF. 
eee 18, Ravenstone Road, Hendon, Lonpon, N.W.9. 


O'Neil Shaw, M. C. H. ... Exterior Lighting Department, The G.E.C. Ltd., Magnet House, 
Kingsway, Lonpon, W.C.2. 





Patterson, R. ............... 41, First Lane, Hessle, East Yorks. 
aS 2. Plasturton Avenue, CARDIFF. 
mane, OF. WE. .....6cs000 6, Hussein Fahmy Street, Ein-Shams, Cairo, Ecypt. 
I Wis, WI neue cakes se sincess 127, George Stre2t, EDINBURGH 2. 
Smith, J. J. .................. c/o A, L. Smith Iron Company, Chelsea, 50, Massachusetts, 
U.S.A. 
Underwood, K. J. ......... 55, Bengel Street, LiveERPOOL 7. 
oe | 147, Queens Road, West Croydon, Surrey. 
STUDENT MEMBER: 
ee ee eee 8, Lucraft House, New Park Road, Lonpon, S.W.2. 
TRANSFER FROM STUDENT TO CORPORATE MEMBERSHIP : — 
0 See eee 8, Cliff Road, Carlton, NoTTINGHAM. 
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ARGus Press, LTD., 
Temple-avenue and 
Tudor-street, 


London, E.C.4, 
_ England. 








